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Abstract. We obtained spectra, covering the Call H and K re- 
gion, for 49 exoplanet host (EH) stars, observable from the 
southern hemisphere. We measured the chromospheric activ- 
ity index, R'hk- We compiled previously published values of 
this index for the observed objects as well as the remaining EH 
stars in an effort to better smooth temporal variations and derive 
a more representative value of the average chromospheric ac- 
tivity for each object. We used the average index to obtain ages 
for the group of EH stars. In addition we applied other methods, 
such as: Isochrone, lithium abundance, metallicity and trans- 
verse velocity dispersions, to compare with the chromospheric 
results. The kinematic method is a less reliable age estimator 
because EH stars lie red-ward of Parenago's discontinuity in 
the transverse velocity dispersion vs dereddened B-V diagram. 
The chromospheric and isochrone techniques give median ages 
of 5.2 and 7.4 Gyr, respectively, with a dispersion of ~ 4 Gyr. 
The median age of F and G EH stars derived by the isochrone 
technique is ~ 1-2 Gyr older than that of identical spectral type 
nearby stars not known to be associated with planets. How- 
ever, the dispersion in both cases is large, about ~ 2—4 Gyr. 
We searched for correlations between the chromospheric and 
isochrone ages and Lir/L» (the excess over the stellar luminos- 
ity) and the metallicity of the EH stars. No clear tendency is 
found in the first case, whereas the metallicy dispersion seems 
to slightly increase with age. 
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1. Introduction 

During the last decade, the detection of more than one hun- 
dred nearby solar-type stars associat ed with likely single or 
multiple planetary mass companions ( May or & Oueloz lll995t 
Butl er et al. 1 19 99) has given rise to new interest in the stu dy of 
these relatively bright stellar objects (see, for example, Reid 
l2002h . 

At the present time, most of the known EH stars have 
been detected by means of the Doppler technique and are, in 
general, among the less chromospherically active and slow- 
rotation solar-type stars. The reason for this selection effect 
is that chromospherically active stars have stellar surface fea- 
tures, such as convective inhomogeneities or magnetic spots 
that may induce intrinsic stellar radial-velocity "jitter" indis- 
tinguishable from the orbital motion of the st ar around the cen- 
ter of mass of the sta r and planet system JSaar & Donahue I 
ll997tlSaar et al. Il998|). These effects may inhibit or even pro- 
vide false detections dWalker et al ll992|ISantos et al. lEo OOb ; 
lOueloz et al. l200lHPaulson et al. I2002ll2004 . 

It is well established that the Exoplanet Host (EH) sam- 
ple, on average, is metal-rich compared to solar neighborhood 
field stars not known to have planets, detect able by means of 



Laughlin & Adams] 1 19971 


Gonzalezl [l99&TGonzalez et al. 1 


200lilSantos et al. l2000aH200lLl2004bh. 




Suchkov & Schultz 


(2001) analyzed nine F-type stars as- 



sociated with exoplanets and determined their ages by using 
different estimators, such as: metallicity, Hipparcos variability, 
brightness anomaly and location in the color-magnitude dia- 
gram in relation to field F stars and the Hyades. They concluded 
that the 9 analyzed stars have ages similar to Hyades (~ 0.7 
Gyr) and thus are significantly younger than F field stars. The 
age may thus be a parameter that can help in selecting candi- 
date EH stars. Moreover, the age is a fundamental parameter 
that it is worth while exploring. 

In this contribution we present spectra for 49 EH stars ob- 
served from the southern hemisphere and apply the stellar chro- 
mospheric activity to obtain their ages. From the literature we 
derive the chromospheric index, R'hk, for the remaining stars 
with no spectra reported in this contribution. We compare the 
"chromospheric" age determinations with those calculated us- 
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ing other methods, such as: Isochrones, lithium and metallicity 
abundances, and space velocity dispersions. We confront the 
EH stars ages with those of nearby stars of similar character- 
istics not known to be associated with planets. We search for 
correlations between the age and physical parameters of the EH 
stars such as, the Lir/L» (the excess over the stellar luminosity) 
and the metallicity. 

In Section 2 we present our observations and in Section 3 
we apply the Call H, K core emissions to measure the chromo- 
spheric activity and to derive ages. The other age estimators are 
described and discussed in Sections 4. We compare the ages of 
the EH stars with those of solar neighborhood stars of similar 
spectral types not associated with planets in Section 5. Finally, 
we search for correlations of physical properties of the stars 
with age in Section 6. We conclude with a brief summary in 
Section 7. 

2. Observations and data reduction 

We observed 49 southern hemisphere EH stars from the Cal- 
ifornia and Carnegie Planet Search 1 and the Geneva Obser- 
vatory Planet Search 2 lists. These compilations basically in- 
clude 138 EH stars up to 06/25/2005, including 157 exoplan- 
ets and 14 multiple systems. 131 EH stars have been detected 
by Doppler spectroscopy and only 7 by photometry. The likely 
planetary companions have masses such that M sin i < 17 Mjup. 
The 49 stars we observed have distances between 10 and 94 pc 
and spectral types F, G, and K (6, 34, and 9 objects, respec- 
tively), as specified in the Hipparcos database. 

We carried out the observations on September 20-22 2003 
and March 28-31 2004, at the Complejo Astronomico El 
Leoncito (CASLEO, San Juan - Argentina) with the REOSC 
spectrograph attached to the Jorge Sahade 2.15-m telescope. 
The REOSC has a TEK 1024 x 1024 back illuminated detec- 
tor, with a pixel size of 24 x 24 /an, and it was employed in 
single dispersion mode. We used a 1200 1/mm grating (0.75 
A/pix) centered at 3950 A to cover the spectral range 3500- 
4200 A, including the Call H and K lines, at 3968 and 3933 A, 
respectively. We selected a 250 /an (~ 1") wide slit. Several 
chromospheric "standards" were observed during both observ- 
ing runs. The integration times varied between 1 and 10 min- 
utes, depending on the sources brightness. A pair of CuNeAr 
lamp spectra was taken for each object. To reduce the spectra 
and measure Call H and K lines fluxes we used IRAF 3 . 

The spectra were extracted using the NOAO task apall with 
an aperture of 5 pixel radius. A sky subtraction was carried out 
by fitting a polynomial to the regions on either side of the aper- 
ture. A non linear low order fit to the lines in the CuNeAr lamp 
was used to wavelength calibrate the spectra. Typical RMS for 
the wavelength solution is 0.22. The sbands task was used to 
measure the fluxes in the Call lines cores. 



1 http://exoplanets.org 

2 http://obswww.unige.ch/exoplanets 



3 IRAF is distributed by the National Optical Astronomy Observa- 
tory, which is operated by the Association of Universities for Research 
in Astronomy, Inc. under contract to the National Science Foundation. 



3. Age derivation from the chromospheric activity 

The stellar chromospheric emission (CE) as measured by the 
core emission in the Call H and K absorption lines, is re- 
lated to both the spectral type dWilsonlll9 70: Baliu nas et al. I 
Il995al) a nd the rotational velocity of the central star (see, for 
example, IWilsonlll963USkumanichlll972HBarrv et al.lll987t 
Eggen 1990; Soderblo m et al. Il99ll) . Late spectral type main- 
sequence star s have larger chromospheric activity than early 
type objects ( Wils on"ll970h . As the object ages , it slows down 
its rotation and diminishes the level of CE ([Wilson 1 1 1 963t 
iNoves et al. ll984HRocha-Pinto & Maciel Il998h . In this sense, 
the CE provides an indication of the stellar age for a given spec- 
tral type. 

The chromospheric activity is quantifie d by the _ S and 



R'hk indexes (e.g. IVaughan et all Il978t IBaliunas et al I 



gnanetai. ty/s; tsaiiunas et al. 
1995a; Vaughan &Pr^n1 [l980T: IBaliunas et al. I Il995bt 
Soderhlo m et al. Ill 99lUHenrv et al. Ifl9 96i. The S index is de- 



fined by the sum of fluxes within two 1-A-width bands cen- 
tered on the Call H (A3968 A) and K (/L3933 A) lines. Then the 
combined flux is normalized to the pseudo-continuum level as 
measured by two equidistant windows of 20-A-width each, on 
either side of the Call lines. According to this definition it is 
not necessary to flux calibrate the spectra as the index defini- 
tion involved relative measurements. 

The R'hk index introduces two modifications to the S in- 
dex: 1) a B-V color correction, 



Rhk = C(B - V) S, 



(1) 



and 2) the substraction of the photospheric contribution, Rphot: 



r: 



R 



R 



(2) 

We refer to the paper of INoves et al. I dl984l) for a detailed de- 
scription of the derivation of both C(B-V) and Rphot- 

To determine S and R'hk f or the observ e d star s we ba- 
sically adopted the procedure of iHenrv et al. I Jl996l) . We de- 
fine the Scasleo index analogous to Equation^and transform 
this index to th e Mount Wilson four spectrophotometric bands 
dVaughan et al. Il978h by means of the standard stars measure- 
ments. Specifically, in the determination of Scasleo we used 
two 3-A-width bands centered on the Call lines and two 20-A- 
width pseudo-continuum windows located on either side of the 
H and K lines. In Table ^ we list the standard stars observed, 
selected from among those with more that 100 observations at 
Mount Wilson. We include the S and R'hk indexes correspond- 
ing to the Mount Wilson and the CASLEO measurements. 

To estimate the errors in our determinations of Scasleo for 
the observed objects we displaced the on-line windows half a 
pixel on either direction, re-calculated the index in each case 
and then compared with the original measurements. In this 
manner we estimate an error of ~ 0.005 in Scasleo due to mis- 
placements of the on-line windows. Translated to age, an error 
of ~ 0.005 corresponds to ~ 0.4 Gyr for a 5 Gyr old star. In this 
estimation we used the iDonahue I \ 1 9931) ' s calibration. 

Figure [2 upper panel, shows the Scasleo vs Smw indexes 
plot corresponding to each observing run. We used a second 
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Star 


Smw 


Log R'mw 


ScASLEO 


Log R'cASLEO 


September 2003 


HD 3443 AB 


0.1823 


-4.907 


0.3706 


-5.077 


HD 3795 


0.1557 


-5.038 


0.3443 


-5.146 


HD9562 


0.1365 


-5.174 


0.3526 


-5.124 


HD 10700 


0.1712 


-4.959 


0.3739 


-5.066 


HD 11131 


0.3355 


-4.428 


0.4582 


-4.580 


HD 16673 


0.2151 


-4.662 


0.4307 


-4.671 


HD 17925 


0.6478 


-4.314 


0.5870 


-4.263 


HD 22049 


0.4919 


-4.458 


0.5129 


-4.536 


HD 30495 


0.2973 


-4.510 


0.4431 


-4.648 


HD 38393 


0.1514 


-4.941 


0.3842 


-4.946 


HD 152391 


0.3867 


-4.461 


0.5053 


-4.432 


HD 158614 AB 


0.1581 


-5.028 


0.3708 


-5.076 


March 2004 


HD 23249 


0.1374 


-5.184 


0.2754 


-5.037 


HD 30495 


0.2973 


-4.510 


0.4007 


-4.414 


HD 38392 


0.5314 


-4.497 


0.4811 


-4.389 


HD 38393 


0.1514 


-4.941 


0.3385 


-5.004 


HD 45067 


0.1409 


-5.092 


0.3178 


-5.094 


HD 76151 


0.2422 


-4.670 


0.3712 


-4.700 


HD 81809 AB 


0.1720 


-4.923 


0.3135 


-5.089 


HD 158614 


0.1581 


-5.028 


0.3138 


-4.944 



order fit to reproduce the data point (the continuous line) and 
derive the following relations: 

Smw = 4.1109 S CASLE0 - 1.6104 Scasleo + 0.1966 (3) 

Smw = 8.7210 S CASLE0 - 4.6370 Scasleo + 0.7476, (4) 

for the September 2003 and March 2004 observing runs, 
respectively. These relations are strictly valid for 0.27 < 
Scasleo < 0.59 (0.14 < S M w < 0.65) September 2003 and 
0.27 < Scasleo < 0.48 (0.14 < S M w < 0.53) March 2004. 
HD 162020, one of the most chromospheric active EH stars 
(Scasleo = 1.11), is the only object in our sample outside the 
ranges of Equations[3]and0] In this case we extrapolated these 
relations to include this object in our analysis. 

Figure^ lower panel, compares the Log R'hk values corre- 
sponding to CASLEO and Mount Wilson for the standard stars 
measurements (see also Table We derived an uncertainty 
of ~ 0.05 dex for the CASLEO calibration with respect to the 
Mount Wilson relation. This value mainly reflects the fact that 
the CE of the stars varies over time. Systematic errors in the 
CASLEO calibration with respect to the Mount Wilson stan- 
dard are likely to be much smaller than this amou nt. An uncer- 
tainty of ~ 0.05 dex, simila r to tho se derived by iHenrv et al. I 
i 19961) or lStrassmeier et al'. 1 d2000h . corresponds to an age dif- 
ference of ~ 1.5 Gyr for a 5 Gyr old star, using the Donahue 



dl993l) 's calibration. 

The CE varies with tim e, having short and long per iodic 
and non-periodic variations ( Nove s et al. 11984 Baliunas et al. 
1995a b). The use of instantaneous values of the indexes S and 
Log R'hk (i-e-, corresponding to a given epoch of observation) 
can induce to erroneous age estimations. For example, in the 



case of the Sun the R'hk varied from -4.75 to -5.10 during 
the "Maunder Minimum" (~ 1650, ~ 1890), corresponding to 
ages of 8.0 and 2.2 Gyr, respectively. Although this represents 
an extreme variation (at present, only certainly detected for the 
Sun), it cautions on the applicability of individual values of 
the CE index. For this reason it is more appropriate to use the 
temporal average, <R'hk>, to estimate the age. 

We have extensively searched the literature for previous de- 
terminations of the index R'hk for all the stars observed at the 
CASLEO and the rest of the sample of EH stars. Table[2]shows 
a one-sample page of our compilation as well as the data re- 
ported in this contribution. The complete table is available in 
electronic format. As the data are published in different man- 
ners, for example individual or average observations for each 
observing run, we have also indicated the type of data used in 
the final average in Table |2 

In Table [5] we list the Log R'hk values derived from the 
CASLEO data only, the average compiled from the literature, 
<Log R'hk »,„„„, casleo >' and the nnal average including our 
CASLEO measurements, <Log R'hk wi , h C asleo > - Th e average 
difference between the indexes with and without the data re- 
ported in this contribution is ~ 0. 107. Three stars in the sample, 
HD 19994, HD 169830 and HD 216437, show average differ- 
ences significantly larger, 0.569, 0.381 and 0.222, respectively. 
In Table 0] we list the <Log R'hk> obtained from the literature 
for the objects not observed at the CASLEO. 

To derive the "chromospheri c age" for the EH objects we 
applied the calibrations of Donahue ( 1993), hereafter D93, and 
iRocha-Pinto & Maciel Idl998h . hereafter RPM9 8. The latter re- 
lation includes a correction in the age derivation due to the 
stellar metallicity. The derived values are listed in columns 5 
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-5.0 -4.5 -4.0 
Log R' HK (CASLEO) 



Fig. 1. Upper panel: Scasleo vs Smw (MW: Mount Wilson) for the "standard" stars in Tabled corresponding to the September 
2003 and March 2004 observing runs. Lower panel: Log R'hk values for both observing sites (i.e., CASLEO and Mount Wilson). 
The open circles indicate 2003 data and the crosses 2004 observations. 



and 6 of Table [3]for the stars observed at the CASLEO and in 
columns 3 and 4 of Table|4]for the objects with chromospheric 
activity index, Log R'hk, compiled from the literature. 

These calibrations are strictl y valid for chro mospherically 
quiet (i.e., Log R'hk < - 4.75; Vaughan & Preston 1980) late- 
type F and G dwarfs. Moreover, Wright ( 2004) showed that the 
canonical chromospheric activity-age relation breaks down for 
the less active stars (i.e., with Log R'hk < -5.1). In our case, 
66% of the sample (74 out of 112 stars) in Tables[3]and|3]has 
-5.1 < Log R'hk < - 4.75, whereas 38 objects (i.e., 34% of the 
sample) have Log R'hk values outside this range. The latter ob- 
jects may have less reliable chromospheric age determinations. 

Adopting the D93 calibration the range of ages corre- 
sponding to the above Log R'hk limits, goes from ~ 2.2 to 
5.6 Gyr. However, the D93 calibration has been used beyond 
the IWrightl J2004h's limit of Log R'hk = -5.1 (see, for ex- 
ample. iHenrv et al II 19971 iMarcv et al. Hl999UDonahuelll998t 
iHenrv et al . l2000aHPene et al. l2004IWright et al. l2004ll . 

|Pace&PasauiniN2004 used high-resolution spectra to de- 
rive the chromospheric activity-age relationship for a set of 5 
clusters, spanning a range of age from 0.6 to 4.5 Gyr. Specif- 
ically the group of clusters analyzed by these authors includes 



two young objects (Hyades and Praesepe with ages of ~ 0.6 
Gyr), two intermediate age clusters (IC 465 1 and NGC 3680 
with ages of ~ 1.7 Gyr) and M 67, a relatively old object (age 
of ~ 4.5 Gyr). They obtained spectroscopic data for 21 stars 
which belong to the young clusters, 7 stars in the intermediate 
age objects and 7 stars in M 67. They found that the two inter- 
mediate age clusters show similar Ca II K activity level to the 
older M 67 and the Sun itself. The chromospheric activity-age 
relationship seems to decrease very rapidly between 0.6 and 
about 2 Gyr, after which it enters in a plateau. 

This result imposes a serious limitation on the applicability 
of the chromospheric technique to derive ages for relatively old 
stars, with ages > 2 Gyr. In particular in the case of the EH 
stars, 85% of the sample (95 out of 1 12) has ages older than the 
above limit, using D93's calibration (see Tables [3] and |4}, and 
thus the chromospheric activity as age indicator would have 
little practical use. 

Pace & Pasquini 1 j2004 , s stellar sample is relatively small. 
In particular their result is based on 7 high resolution spectra of 
intermediate age stars. It would be desirable to extend this anal- 
ysis to include additional objects per cluster and a relatively 
larger number of clusters. This would help to discard any pe- 
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Name 


S 


Log R'hk 


Data Type 


Ref 


HD 10697 


0.1279 




1 obs in 1 day (01/09/78 to 01/09/78) 


R19 




0.1423 




2 obs in 10 days (15/11/79 to 24/11/79) 


R19 






-5.02 


35 obs in 3 years 


R34 




0.149 


-5.08 


57 obs in 25 month bins 


R52 


HD 12661 




-5.00 


1 obs 1998-99 


R33 




0.14 


-5.12 


30 obs in 2 years 


R38 




0.150 


-5.08 


52 obs in 16 month bins 


R52 


HD 16141 


0.145 




1979 individual 


R05 




0.145 




R1;R6;R5;R10; R3 


R17 




0.1452 




1 obs in 1 day (15/11/79 to 15/11/79) 


R19 






-5.05 


46 obs in 4 years 


R37 




0.145 


-5.11 


70 obs in 23 month bins 


R52 




0.085 




individual 


CASLEO 


HD 17051 


0.225 


-4.65 
-4.65 


1992 individual 


R28 
R66 




0.2074 




individual 


CASLEO 


HD 19994 


0.173 


-4.88 


12 obs in 4 month bins 


R52 






-4.77 


45 obs in 6 years 


R53 




0.1018 




individual 


CASLEO 


HD 20367 


0.282 


-4.50 


2 obs in 1 month bins 


R52 


HD 23079 


0.164 


-4.94 


1992 individual 


R28 






-4.96 


individual 


R41 




0.1196 




individual 


CASLEO 


HD 23596 


0.150 


-5.06 


1 obs in 1 month bins 


R52 


HD 27442 


0.062 




individual 


CASLEO 


HD 28185 




-5.00 


1 obs 1998-99 


R33 




0.143 




individual 


CASLEO 


HD 30177 




-5.08 


individual 


R41 




0.1205 




individual 


CASLEO 


HD 33636 




-4.81 


21 obs in 3 years 


R45 




0.180 


-4.85 


25 obs in 13 month bins 


R52 




0.135 




individual 


CASLEO 



culiarity in IC 4651 and NGC 3680 and put IPace & Pasquini I 
re sults on more statistically solid grounds. On the 
other hand, Wright <2004)'s analysis is based on roughly 3000 
near-by stars, one third of wh ich has high resol ution data. For 
the time being and in view of Pace & Pasauini (2004)'s result 
we will indicate how the 2 Gyr cut-off in the chromospheric 
activity age relation affects our analysis for the EH stars. 

The uncertainty in the ages derived by the CE method 
strongly depends on how well the activity cycle fo r a partic- 
ular o bject has bee n monitored (see, for example, iDonahuel 
Il998l) . For example. I5enrv et al. I l l2000 a) estimated that if the 
star happens to be in a phase similar to the Solar Maunder min- 
imum, which can last for several decades, the CE age estima- 
tion can be overestimated by ~ 2-5 Gyr. However, if the star is 
in a "maximum" phase of the activity cycl e the uncertainty in 
the age may be smaller. Illenrv et al~l(ll996l) noted that the D93 
relation yields ages such as in 15 out of 22 binaries the ages 
differ by less than 0.5 Gyr. In general, Gustafsson ( 1999) has 
estimated a typical uncertainty in the ages derived by the CE 
method of roughly 30%. 

T he sample of EH stars has at least 19 multiple sys- 
tems JUdrvetal.l l2004i. including three close binaries, y Cep 



llHatzes et al Il2003h . HD 41004 A and B iSantos et al. l Eo02: 



2000). Assum- 
Donahue 



IZucker et al.1l2004l) . and GJ 86 llOueloz 
ing that the binary components are coeval, 
found that the age discrepancy between both stars has the same 
order as the uncertainty in the chromospheric age derivation 
itself. He found that for stars older than 2 Gyr, the age uncer- 
tainty is typically below 1 Gyr. This difference is, then, prob- 
ably due to non-synchronized phases in the activity cycle at 
which each individual star has been monitored. Tidal interac- 
tions may, in principle, affect the stellar activity in close sys- 
tems. However, the analyzed sample includes a relatively small 
number of these type of binaries and thus this effect cannot sig- 
nificantly alter our statistical results. 

An enhancement in the CE due to the presence 
of a close giant planetary companion has b een investi- 
gated by several authors (see, for example, ICuntz et al. I 



-s (s< 

200 d ISaar & Cunt.z Il200ll I.Shkolnik et al. 1120031) . Moreover, 
Rub enstein & Schaefer ( 2000 ) suggested that close giant plan- 
ets may stimulate the presence of " superflares" on the CE of 
the EH stars. ISantos etal. 1 d2003all proposed that the photo- 
metric variability observed in HD 192263 may also be related 
to the star-planet interaction effect. Other EH stars have been 
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Table 2. Continued. References 



CASLEO: this paper 

R01: Vauehan & Preston (19801 

R02: Duncan (1981) 

R03: Soderblom (1985) 

R04: Soderblom et al. (1993) 

R05: Midd elkoop (1982) 

R06: Vauehan et al. (1981) 

R07: Middelkoop et al. (1981) 

R08: Durnevetal. (1981) 

R09: Baliu nas et al. (1983) 

RIO: Noves et al. (1984) 

Rll: Montesinos et al. (1987) 

R12: Marcv et al. (1997) 

R13: Lachaume et al. (1999) 

R14: Herbig (1985) 

R15: Soderblom & Clements (1987) 

R16: Houvelin et al. (1988) 

R17: Young et al. (1989) 

R18: Strassmeier et al. (1990) 

R19: Duncan et al. (1991) 

R20: Soderblom et al. (1991) 

R21: Soderblom & Mayor (1993) 

R22: Baliunas et al. (1995a) 



R23: Montes et al. (1997) 
R24: Montes & Martin (1998) 
R25: Montes et al. (1999) 
R26: Donahue et al. (1996) 
R27: Baliunas et al. (1996) 
R28: Henry et al. (1996) 
R29: Saar&Osten (1997) 
R30: Marcv et al. (1998) 
R31: Marcv etal. (1999) 
R32: Fischer et al. (1999) 
R33: Strassmeier etal. (2000) 
R34: Vogt et al. (2000) 
R35: Udrv et al. (2000) 
R36: Charbonneau et al. (2000) 
R37: Marcv et al. (2000b) 
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(1998) 



searched for a n enhancement in the CE due to the presen ce of 
a close planet JSaar & Cuntz l200lllshkolnik et al. bool . 

Shk olnik et al. I J2003I) found evidence for a planet-induced 
chromospheric activity in the EH star HD 179949, having a 
planetary companion with a semi-major axis of ~ 0.04 AU (an 
orbital period of ~ 3 days). The planet period is synchronized 
with the enhancement of the CE, which increases by ~ 4% 
when the planet passes in front of the star. Translated into ages, 
this would represent a difference of 0.8 Gyr for a 5 Gyr EH star, 
adopting the D93 calibration. This difference is about the same 
as the uncertainty in th e chromospheric ages. A si milar effect 
was detected in v And (Shk olnik et al. l2003lE004T) . 

We have searched for correlations between the CE (mea- 
sured by Log R'hk) and the orbital parameters of the associ- 
ated planet, such as: M sin i, e, and a. Figure|2]shows the Log 
R'hk vs the semi-major axis, a, plot, as an example. In this fig- 
ure, 51 Peg-like stars (i.e., those with a < 0.1 AU) are indicated 
with filled circles whereas the rest of the sample is with empty 
symbols. In general, no clear trend is found between the CE 
and the planet orbital parameters. However, the chromospheric 
ages may be affected, particularly in the cases of HD 179949, 
HD 192263, and v And. In any event, we expect that the CE en- 
hancement, due to the presence of a close giant planet, to be in 
about the same order as the uncertainty in the chromospheric 
ages in view of the amount of this effect for HD 179949, as 
discussed above. 

Recently, Wri ght et all (12004 have derived the CE for a 
sample of ~ 1200 F-, G-, K- and M- type main-sequence stars, 
using archival spectra from the California & Carnegie Planet 
Search Project. To somehow compensate or smooth the ef- 
fect of the stellar variability in an uneven sampling set of 
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Fig. 2. CE (measured by Log R'hk) versus the semi-major axis 
a, for the EH sample. 51 Peg-like objects (i.e., those with a < 
0. 1 AU) and the rest of the sample are represented by filled and 
empty circles, respectively. 



data, they used the median S-values in 30-day bins and then 
adopted the median value of those medians (the "grand-S" 
value). The number of interval-bins typically vary between a 
few and few tenths, during a period of time of more than ~ 6 
years. These autho rs derived ages by applying the D93 calibra- 
tion. As Wright et al. 1 (l2004l) 's sample includes 63 EH stars, 
in Figure [3] we compare their values of Log R'hk and ages 
with the ones repo rted in this paper, excluding, in this case, 
IWright et al. I J2004l) 's data from our compilation (see Table[2}- 
We notice a general agreement betw een the CE i ndexes 
(and the corresponding ages) derived bv lWright etaI1 (l2004) 
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Table 3. Chromospheric index, Log R'hk, and age for the EH stars observed at the CASLEO 
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Name 


Log R'hK CASLEO 


<Log R'hk , 


vilhoul CASLEO ^ 


<Log R'hk wilh C asleo > 


D93 Age[Gy] 


RPM98 Age[Gy] 


GJ86 


— 4.67 


-4 


.74 


-4.72 


2.03 


2.94 


HD 142 


5.11 


-4 


.92 


-5.02 


5.93 


2.43 


HD 1237 


-4.31 


-4. 


.36 


-4.34 


0.15 


0.25 


HD 2039 


-5.06 


-4. 


.91 


-4.98 


5.28 


1.20 


HD 4208 


-4.94 


-4. 


.94 


-4.94 


4.47 


6.03 


HD 6434 


-5.23 


-4. 


.89 


-5.06 


6.85 


18.51 


HD 17051 


-4.58 


-4. 


.65 


-4.63 


1.47 


0.43 


HD 19994 


-5.76 


-4. 


.83 


-5.14 


8.91 


2.56 


HD 23079 


-5.23 


-4. 


.95 


-5.04 


6.53 


5.92 


HD 27442 


-5.57 






-5.57 


24.74 


7.15 


HD 28185 


-4.98 


-5. 


.00 


-4.99 


5.36 


1.69 


HD 30177 


-5.15 


-5. 


.08 


-5.12 


8.30 


1.50 


HD 33636 


-5.03 


-A. 


.83 


-4.90 


3.83 


3.24 


HD 38529 


-5.07 


-A. 


.93 


-4.97 


5.09 


0.89 


HD 39091 


-4.82 


-A. 


.97 


-4.90 


3.83 


1.83 


HD 52265 


-4.90 


-A. 


.97 


-4.96 


4.88 


1.65 


HD 72659 


-4.79 


-5. 


.01 


-4.94 


4.42 


2.62 


HD 73526 


-5.00 






-5.00 


5.59 


1.49 


HD 75289 


-4.94 


-A. 


.98 


-4.97 


4.96 


1.29 


HD 76700 


-4.94 






-4.94 


4.51 


0.77 


HD 82943 


-4.77 


-A. 


.87 


-4.84 


3.08 


0.72 


HD 83443 


-4.79 


-A. 


.85 


-4.83 


2.94 


0.63 


HD 92788 


-4.95 


-A. 


.88 


-4.89 


3.78 


0.87 


HD 108147 


-4.64 


-A. 


.75 


-4.71 


1.98 


0.70 


HD 114386 


-4.74 






-4.74 


2.19 


1.91 


HD 114729 


-4.67 


-5. 


.04 


-4.95 


4.58 


6.35 


HD 114783 


-4.70 


-A. 


.98 


-4.89 


3.70 


1.82 


HD 121504 


-4.67 


-A. 


.65 


-4.66 


1.62 


0.66 


HD 130322 


-4.63 


-A. 


.56 


-4.58 


1.24 


0.77 


HD 134987 


-5.13 


-5. 


.05 


-5.08 


7.32 


1.77 


HD 141937 


-4.77 


-4. 


.80 


-4.79 


2.55 


1.25 


HD 142415 


-4.69 


-A. 


.61 


-4.63 


1.49 


0.51 


HD 147513 


-4.40 


-A. 


.46 


-4.45 


0.65 


0.45 


HD 160691 


-5.10 


-5. 


.02 


-5.04 


6.41 


1.45 


HD 162020 


-4.12 






-4.12 


0.00 


0.23 


HD 168443 


-5.00 


-5. 


.02 


-5.02 


5.90 


3.13 


HD 168746 


-4.92 


-A. 


.87 


-4.89 


3.75 


3.18 


HD 169830 


-5.05 


-4. 


.94 


-4.97 


4.95 


1.62 


HD 179949 


-4.66 


-A. 


.76 


-4.72 


2.05 


0.68 


HD 202206 


-4.72 






-4.72 


2.04 


0.44 


HD 210277 


-5.02 


-5. 


.07 


-5.06 


6.93 


2.25 


HD 213240 


-5.12 


-A. 


.90 


-4.97 


5.11 


1.90 


HD 216435 


-4.95 


-5. 


.00 


-4.98 


5.27 


1.56 


HD 216437 


-5.52 


-5. 


.01 


-5.27 


12.96 


3.98 


HD 217107 


-5.17 


-5. 


.05 


-5.08 


7.32 


1.40 


HD 222582 


-5.05 


-5 


.00 


-5.03 


6.16 


3.38 



and our compilation. The median difference in Log R'hk is 4. Derivation of ages for the EH stars applying other 
0.04 dex (with a standard deviation of 0.05 dex), implying a methods 
median age discrepancy of ~ 0.4 Gyr (0.8 Gyr for the standard 
deviation) for a 5 Gyr star. The largest CE (and age) differences 
correspond to the stars HD 19994, HD 89744 and HD 130322, 
see Table|5] These objects are marked in Figure[3]with the let- 
ters A, B and C, respectively. . . 

In this section we apply four other techniques to inter ages 

for the EH group and compare these results with the chromo- 
spheric determinations. 
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Table 4. Chromospheric index, Log R'hk, and age for the EH stars not observed at the CASLEO 



Name 


<Log R'hk> 


D93 Age[Gy] 


RPM98 Age[Gy] 


Name 


<Log R' HK > 


D93 Age[Gy] 


RPM98 Ag( 


16 Cyg B 


-5.09 


7.59 


3.79 


HD 80606 


-5.09 


7.63 


1.73 


47Uma 


-5.02 


6.03 


3.2 


HD 88133 


-5.16 


9.56 


6.27 


51 Peg 


-5.05 


6.6 


2.21 


HD 89744 


-5.11 


8.09 


2.55 


55 Cnc 


-5.00 


5.5 


1.21 


HD 93083 


-5.02 


6 


3.86 


70 Vir 


-5.07 


7.09 


5.52 


HD 99492 


-4.94 


4.49 


2.93 


BD- 103 166 


-4.92 


4.18 


0.53 


HD 101930 


-4.99 


5.39 


3.48 


6 Eri 


-4.46 


0.66 


0.82 


HD 102117 


-5.03 


6.21 


2.99 


y Cephei 


-5.32 


14.78 


6.39 


HD 104985 


-5.58 


25.35 


27.08 


GJ 436 


-5.21 


11.05 


7.41 


HD 106252 


-4.97 


5.02 


3.36 


GJ876 


-5.17 


9.9 


6.52 


HD 108874 


-5.08 


7.26 


2.21 


GJ 777A 


-5.07 


7.09 


2.08 


HD 111232 


-4.98 


5.2 


9.65 


HD3651 


-4.98 


5.13 


2.25 


HD 117618 


-4.90 


3.88 


2.72 


HD 4203 


-5.16 


9.41 


1.66 


HD 128311 


-4.40 


0.39 


0.41 


HD 8574 


-5.07 


7.13 


3.79 


HD 136118 


-4.93 


4.26 


3.16 


HD 8673 


-4.71 


1.95 


0.01 


HD 145675 


-5.09 


7.6 


1.20 


HD 10697 


-5.12 


8.48 


3.49 


HD 150706 


-4.57 


1.17 


0.83 


HD 11964 


-5.16 


9.56 


6.27 


HD 154857 


-5.14 


8.98 


14.29 


HD 12661 


-5.07 


7.05 


1.39 


HD 177830 


-5.35 


15.89 


4.03 


HD 16141 


-5.09 


7.76 


3.08 


HD 178911 B 


-4.98 


5.2 


1.54 


HD 20367 


-4.50 


0.87 


0.37 


HD 187123 


-4.99 


5.33 


2.26 


HD 23596 


-5.06 


6.89 


1.61 


HD 190228 


-5.18 


10.16 


14.29 


HD 37124 


-4.86 


3.33 


6.68 


HD 192263 


-4.44 


0.57 


0.55 


HD 40979 


-4.63 


1.48 


0.51 


HD 195019 


-4.99 


5.33 


2.58 


HD 4 1004 A 


-4.66 


1.64 


1.48 


HD 196050 


-4.85 


3.17 


1.03 


HD 45350 


-5.00 


5.59 


1.94 


HD 208487 


-4.90 


3.88 


4.06 


HD 46375 


-4.97 


4.96 


1.68 


HD 209458 


-4.95 


4.72 


2.88 


HD 49674 


-4.77 


2.38 


0.55 


HD 216770 


-4.88 


3.6 


1.02 


HD 50554 


-4.95 


4.58 


2.89 


HD 219449 


-5.47 


20.76 


18.24 


HD 50499 


-5.02 


6 


1.82 


HD 330075 


-5.03 


6.21 


3.09 


HD 68988 


-5.06 


6.78 


1.34 


pCrb 


-5.06 


6.94 


8.48 


HD 70642 


-4.90 


3.88 


1.42 


t Boo 


-4.78 


2.52 


0.80 


HD 73256 


-4.49 


0.83 


0.26 


TrES-1 


-4.77 


2.41 


1.63 


HD 74156 


-5.08 


7.38 


2.83 


u And 


-4.99 


5.32 


2.26 



Table 5. EH stars with the largest CE and age differences 



Name 


Log R'hk 


Log R'hk 


Age [Gyr] 


Age [Gyr] 


Label in Figure [3] 




this paper 


Wrishtetal. (2004) 


this paper 


Wriahtetal. (2004) 




HD 19994 


-5.27 


-4.88 


13.01 


3.55 


A 


HD 89744 


-5.12 


-4.94 


8.29 


4.47 


B 


HD 130322 


-4.51 


-4.78 


0.93 


2.45 


C 



4.1. Isochrones 

The T e jf and the luminosity of a star allow us to place it on 
the theoretical HR diagram. This position changes as the star 
evolves. The age of a given star can, at least in principle, be 
inferred adopting an evolutionary model and the correspond- 
ing isochrones. However, in practice, the derivation of reliable 
isochrone ages is a difficult task. 

Isochrone ages are usually calculated by comparing the po- 
sition of the star on the HR diagram with the set of isochrones 
adopted. This procedure is particularly complicated for low 
mass objects for which isochrones are curved and approximate 
one to the other. Apart from this, the uncertainties in the ob- 



servables (i.e., Teff, luminosity and meta llicity) can seriously 
limited the applicability of this technique. IPont & Everl J2004) 
have extensively discussed the influence on the age derivation 
of these uncertainties. In addition these authors have developed 
a method based on Bayesian probability to treat systematic bias 
and large uncertainties in the observables to derive more reli- 
able ages. In particular the use of this method allowed a con- 
siderable reduction the intrinsic dispersion in the [Fe/H]-age 
relation (see Pont & Ever 2004J) . 

Recently Nor dstrom et al. I ( 120041) have determined ages 
for about 13636 nearby stars, including the EH group, us- 
ing th e Padova isochrones ( Girar di et al. l200ollSalasnich et al. I 
2000). This set of isochrones covers the range of ages be- 
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Fig. 3. Comparison between the CE i ndex, Log R'hk, an d the 
age for the H sample stars derived by Wri ght et al. I (|2004) and 
those reported in this contribution. To make these compa risons 
we ha ve used stars in common and eliminated Wright et al. 
(2004)'s data from the averages reported in Table|5] The ages 
have been obtained from the D93 calibration. The large circles 
indicate stars with the largest discrepancies: (A) HD 19994, (B) 
HD 89744 and (C) HD 130322, see Tabled 



tween and 17.8 Gvr. INordstrom et al. Id2004h give the age for 
a given star if it lies within lcr upper and lower limits of the 
nearest isochrone trace. Otherwise, only upper or lower limits 
are determined. In Table[7] columns 2, 3 and 4, we list the ages 
and/or lower and upper limits derived by these authors for the 
EH group. As mentioned before, our purpose is to compare the 
ages deriv ed by app lying different methods. The compilation of 
ages from No rdstrom et al. I d2004l) in Table [7]is useful to this 

pu rpose. 

INordstrom et al. I J2004I) have provided estimations of er- 
rors in their age determinations. As mentioned above their sam- 
ple includes 13636 stars, with 84% of the objects lying within 
lcr upper and lower limits. In addition, 82% of these stars has 
estimated relative erro rs below 50%, and 47% of these even 
below 25%. We follow Nordstrom et al. 1 (12004 to quote errors 
for the isochrone ages for the EH stars. 77% (61 out of 79) of 
the EH sample lies within lcr upper and lower limits. 44% of 



these objects (27 out of 61) has estimated relative errors below 
50% and 10% of these (6 out of 61) even below 25%. On aver- 
age, we assume a "typical" error of ~ 50% in the isochrone age 
determinations. 

We note that INordstrom et al. I d2004l) carried out a care- 
ful and detailed error estimation for the isochrone technique 
(the reader is referred to their work for the description of 
the method applied). In general, these authors derived larger 
uncert ainties than those classical ones obtained (s ee, for ex- 
ample. lGustafsson1ll999t lEdvardsson et al. |ll993l) . However, 
INordstrom et al. I d2004l) , s error analysis seems more realistic 
than those performed before. In addition, these authors have 
also compared their age derivations with those computed using 
the Bayesian method of Pont & Ever (2004), finding no signif- 
icant differences due to the procedures themselves. 



4.2. Lithium abundance 

The lithium content in the stellar atmosphere is destroyed as 
the convective motions gradually mix the stellar envelope with 
the hotter (T ~ 2.5 x 10 K) inner regions. Thus a lithium- 
age relation may be expected. However, this relatio n is poorly 
constraint. For instance, while Boesgaard] dl99lh derived a 
lithium-age relation for stars with 5950 K < T eff < 6350 K 



belonging to eight o pen clusters, iPasauini et al. I d 19941) and 
asquini et al. ( 1997) found a factor of 10 for the lithium abun- 



P; 



dance for stars at given T e ff in M67, an open cluster with almost 
the solar age and metallicity. 

The lithium abundance of EH and field stars has been com- 
pared in the literature. iGonzalez & Laws suggested that 
the EH stars have less lithium than field stars, while iRvan I 
(2000) propose d that both groups hav e similar lithium abun- 
dance. Recently, Israelia rTet al. IiEoTmI) found a likely excess of 
lithium depletion in EH stars with T e ff in the range 5600-5850 
K, in comparison to field stars in the same range of temper- 
atures. For an average difference of ~ 1.0 dex in the lithium 
content of the two groups, the EH stars are ~ 2 Gyr older 
than field stars, acc ording to the lithium- age relation der i ved by 
ISoderbloml dl983l) . On the other hand. Ilsraelian et al. I (12004) 
did not find a significant difference for EH and field stars with 
Teff in the range 5850-6350 K. 

We apply this method only as an additional age indicator to 
compare with the other techniques. We obtained lithi um abun- 
dances . Log N(Li), for the sample E H stars fr om Israe lian et al. I 
d2004h and used the calibration of ISoderbloml d 1983b to de- 
rive ages for these objects. This relation is valid for solar-type 
stars with abundances intermediate to the Hyades and the Sun 
(i.e., 0.95 < Log N(Li) < 2.47). 20 EH stars are included within 
these limits. This range in the Li abundances introduces a bias 
toward younger ages and prevents us from making a mean- 
ingf ul comparison with the other estimators. We then use the 
ISoderbloml 1^983) calibration to derive individual stellar ages 
for the EH stars when having Li abundances within the valid 
range. In Table [7] column 5 gives the obtained ages. For HD 
12661 only an upper limit to the lithium abundance was avail- 
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able and thus we derived a lower limit to the age of this object. 
Th e subindex "L" in TableElindicates so. 

IBoesgaardl dl 99 ll) derived a lithium-age calibration valid 
over a larger rage in Li abundances, 2. 1 < Log N(Li) < 3.0, but 
restricted to stars with 5950 K < T e ff < 6350 K. This temper- 
ature range comprises ~ 20% of the EH sample. In addition, 
considering both t he Li abundances and the T e ff intervals, the 
lBoesgaardNl99ll) 's calibration can be applied to obtain ages 
for on ly 9 EH stars. For this reason we chose t he ISoderbloml 
Jl983h 's calibration over the IBoesgaardl dl99 ill 's relation. We 
note that these calibrations are complementary in metallicity 
range, however they do not provide a reasonably good agree- 
ment within the metallicity interval held in common, thus pre- 
venting the application of both calibrations together in our age 
estimations. 



4.3. Metallicity 

The production of heavy elements in the stellar cores during 
the life time of the Galaxy enriches the interstellar medium 
from which new stars ar e formed . Thus an age-meta llicity rela- 
tion m ay be expected. iTwarog and Edvardsson et al. 
ll 19931) studied the disk population and found a relatively 
weak correlation between these two quantities. The scattering 
in metallicity for a given age is so large that some authors 
have even questioned the existence of a correlation between 
these two parameters (see, for example. iFeltzing et al~ll200lt 
Ibukivama & Arimoto I l2002t iNordstrom et al. I B004 . Other 
works have been aimed to improve this relation, trying to dis- 
entan gle the different poss i ble contributions to the dispersion 
(e.g.. iNg & BerteUi Ifl998l iReddv et al. 112003b . In particular, 
Pont & Ever I ( 2004) ha ve shown that at lea st part of the scat- 
tering in the original lEdvardsson et al. Nl993b 's age-metallicity 
relation is mainly due to systematic bias affecting the ages de- 
rived by the isochrones method. However, in spite of these ef- 
forts, the dispersion at each given age is still rather large. Nev- 
ertheless, the use of the age-metallicity relation as an indepen- 
dent age estimator can provide some constrains to the EH stars 
age distribution and a manner to check the results derived by 
the chomospheric method. 

We obtained the spectroscopic [Fe/H ] data for the sam- 
ple of EH stars from lSantos et al. ]j2Q04b) whenever poss ible, 
otherwise we used the data from Nordstrom et al. (2004). We 
adopted the age-metallicity relation of Carraro et al. (1998) 
and followed the procedure outlined by lLachaume et al. I 
(1999) only to derive upper limits to the ages of the EH stars, 
due to the large scattering in this relation. 

We defined an u pper envelope to the data points in the 
Carra ro et al. 1 dl998l) relation, binning these data in 3 Gyr inter- 
vals and calculating the average [Fe/H] and the corresponding 
dispersion. We adopted as the upper limit the average [Fe/H] 
plus the rms values in each bin. We then fitted these points with 
a quadratic polynomial by least squares, giving t max (an upper 
limit to the age) as function of th e meta llicity. Table [6]lists the 
data derived from ICarraroetal.l il998) used to calculate the 
following relation: 



Tabl e 6. Data point s used to calculate Equation[5]derived from 
ICarraro et all i ll 998b 



[Fe/H] 


tmax [Gyr] 


0.15 


1.5 


0.07 


4.5 


-0.02 


7.5 


- 0.14 


10.5 


-0.35 


13.5 



-35.847 [Fe/H] - 31.172 [Fe/H] + 6.9572. 



(5) 



Equation |3 is valid for -0.35 < [Fe/H] < 0.15 or 1.5 < t max 
< 13.5 Gyr. This range of metallicities is appropriate for 44% 
(50 out of 1 14) of the EH objects, for which it was possible to 
apply this age estimator. This range excludes the most metal- 
rich EH stars, introducing a bias toward older ages. TableQin 
column 6 lists metallicity derived ages for the individual ob- 
jects compris ed within th e before mentioned range of metallic- 
itv. lCarraro et al. N l998) data can also be used to derive a lower 
metallicity-age limit. The resulting relation includes only 1 1 % 
(13 of out 1 14) of the EH objects, due to their metal-rich nature. 

4.4. Kinematics 

The velocity dispersi ons of a coeval group of stars increases 
with time (Parenago 1 950:1 lRomanlfl954llDehnen & Binnev 
1998; iBinnev et al. Il200olh The kinematics of a given group 
can be used as an age estimator for the group rather than to de- 
rive individual stellar ages. In particular, the transverse veloc- 
ity dispersion S (i.e., the dispersion of the velocity components 
perpendicular to the line of sight) of a sam ple of stars may be 
used with this purpose jBinnev et al. 120 00). 

We derived S for a sample of solar neighborhood stars, to 
compare with the EH group. The first sample was con s tructe d 
in the same manner described by Dehnen & Binnev 1 {T998). 
These authors selected a kinematically unbiased solar neigh- 
borhood group isolating a magnitude-limited subsample, com- 
posed by single main sequence stars with relative parallax er- 
rors smaller than 10% obtained from the Hipparcos catalo g. 
In what follows we briefly outline IBehnen & Binnev I fl998)'s 
procedure to define such a sample. 

Due to the lack of com pleteness in the Hipparcos catalog 4 , 
Dehnen & Binnev I d! 9981) used the Tycho catalog to construct 
a combine sample that they estimated to be 95% complete. The 
Hipparcos catalog was divided in 16x16x10 uniformly spaced 
bins in sin b, Galactic longitude I and B-V. All stars brighter 
in magnitude than the second brightest star per bin included in 
Tycho and not in the Hipparcos catalog were added to this bin. 
In our case this gave a list of 8864 stars. 

A second sample was constructed from the Hipparcos Pro- 
posal 018, containing 6845 stars within 80 pc and south of -28 
deg, which ha ve been spectrally classified by th e Michigan Cat- 
alog by 1982 llHouk & Cowlev Ill975l ISouk Ill978lll982l) . Of 
these stars, 3197 are main-sequence single objects with rel- 

4 See lDehnen & Binnev I fl998) for details on this issue. 
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ative parallax errors smaller than 10%. The union of these 
two groups pr ovides a kinematically un biased sample of 12061 
stars (see also lDehnen & Binnevll9 98). 

The velocity dis persion S for each s t ar was derived follow- 
ing the formalism of Dehnen & Binnev <1998).Figure|4]shows 
the S vs B-V diagram for the solar neighborhood with open 
squares. B-V colors were also obtained from the Hipparcos 
catalog and dereddened according to the spectral types, given in 
the same catalog. We used a sliding window of 500 objects and 
plotted a point every time a 100 stars are left out from the win- 
dow. We have tested different sizes for the sliding window and 
found no significant differences. The global change in the slope 
at B-V ~ 0.6 for solar neighborhood stars in Figure|4]is called 
Parenago 's discontinuity, a nd it has recently been quantified by 
iDehnen & Binnev 1 11! 9981) . At the red side of this point, stars 
of every age are found, while at the blue side only the most re- 
cently formed objects lie. The discontinuity itself corresponds 
to the B-V color at which the main sequence lifetime of a sta r 
equals the age of the Galactic disk (Dehnen & Binnev 1998). 
The general trend of the solar neighb orhood sample i n Figures 
|4]is very similar to that derived bv lBinnev et al. I Il2000l) . 

We obtained S for the EH sample including stars with rel- 
ative parallax error less than 10%. This excludes 7 out of 131 
EH stars with parallax data (i.e., 5% of the group). However 
we were unable to apply the single and main sequence stars 
criteria as these would eliminate ~ 42% of the objects. In Fig- 
ure|4j with filled circles, we superimpose the results for the EH 
stars to compare with the solar neighborhood sample. For the 
EH group we chose a sliding window of 30 objects and plotted 
a point when 6 stars have left the window. On the righ t side 
of Fig ure B| we indicate the age scale derived bv lBinnev et al. I 
(2000). 

EH stars seem to have similar transverse velocity disper- 
sions to the solar neighborhood stars, with an average age of 
about 4-6 Gyr. However, most EH stars lie to the right of Pare- 
nago's discontinuity, where the kinematic method becomes less 
reli able. 

Manoi & Bhatt] J2005I) analyzed the sample of Vega-like 
candidate stars, (main sequence) stars that show infrared ex- 
cesses, attributed to the presence of circumstella r dust (T ~ 50- 
125 K), warmed by the central object ("e.g.. IZuckerman 1200 ll) . 
They found that the transverse velocity dispersions are system- 
atically smaller than for solar neighborhood stars, suggesting 
a younger age for the Vega-like sample with respect to the so- 
lar neighborhood. As most of the Vega-like stars have A spec- 
tral type, the sample lies to the left of Parenago's discontinuity, 
where the kinematic method can safely be applied. 

As an additional test we have used the space velocity com- 
ponents (U, V, W) to check the consistency of the results. 
iReidl (2002) has recently applied this technique to derive a 
lower limit to the age of a group of 67 EH stars. We extend 
this analysis to include 101 of the presently known EH stars 
with space velocity d ata available. We follow ed the kinematic 
method described by lLachaume et al. I d!999i). using values of 
U, V and W for the EH stars from Nordstro m et al. 1 1120041) and 




Fig. 4. Transverse velocity dispersion S vs dereddened B-V. 
Solar neighborhood stars and EH stars are represented by 
squares and filled circles, respectively. Error bars are derived 
as AS = S/ V2n - 2, where n is the number of o bjects per bin. 
The ag e scale on the right side was obtained from lBinnev et al. 1 
<200(J>. 



correcting them by the Solar Motion (-13.4, —11.1, +6.9 Km/s; 



IChen etal.ll997h . We derived a lower limit of 3.9 ± 2.9 Gyr for 
the sample of EH stars, which agrees with the average age de- 
rived using the transverse velocity dispersions (i.e., 4-6 Gyr). 
We caution, however, that the later kinematic method is less 
reliable as an age estimator because EH stars lie red-ward of 
Parenago's discontinuity. 

The kinematic properties of the EH stars have also been in- 
vestigated by other authors. As mentioned before. lReid I J2002 ) 
used the space velocity components to infer a lower limit to 
the age for the EH sample. Other groups have confronted kine- 
matic and metallicity properties of the EH stars with those of 
similar stars with non known planets. The aim of these works 
was to analyze whether the kinematics of the EH stars may pro- 
vide a hint to explain the relatively high metallicities of the EH 
stars. 

Fox example. iGonzalez 1 dl999i) analyzed the chemical and 
dynamical properties of the EH stars withi n the framework o f 
the diffusion of stellar orbits in space JWielen etal.l ll996). 
With this purpose he confronted the EH group which is metal 
rich with a sample of F and G dwarfs and subgiants with well 
determined metallicities, ages and kinematics. He concluded 
that the stellar diffusion model is not able to account for the 
hig h metallicity in EH s t ars. 

Barb ieri & Gra tton (2003) compared the galactic orbits of 
EH stars with thos e of stars with no kn own planets taken from 
the catalog of Edvards son et al. I dl993l) . Both groups are not 
kinematically different. However at each perigalactic distance 
the EH stars have systematic larger metallicities than the av- 
erage of the comparison sample. This result was recently con- 
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Table 8. Medians and standard deviations for EH star age dis- 
tributions 



0.3 - 



Method 


Age [Gyr] 


a [Gyr] 


No. of stars 


Chromospheric RPM98 


1.9 


4.0 


112 


Chromospheric D93 


5.2 


4.2 


112 


Isochrone lower limit 


4.8 


3.0 


75 


Isochrone 


7.4 


4.2 


79 


Isochrone upper limit 


9.2 


3.9 


69 



firmed bv lLaws et al~l (EoQ3). The latter authors also found ev- 
idence of a difference in the slope of the metallicity- Galacto- 
centric radius relation between star with and without planets. 
Due to the metal rich nature of the EH stars, these objects have 
a s teeper slope th an the comparison group. 

Sant os et al. I J2003bl) analyzed the space velocities of EH 
stars and stars with no planet/s detected, in relation to their dif- 
ferent metallicity abundances. They concluded that the space 
velocity distribution for the first objects is basically the same 
as for the second type of stars. However the EH stars lie on the 
metal -rich envelope of the no-known-planet-star population. 



4.5. Comparison of ages for the EH stars derived by different 
methods 

In this section we compare the age distributions of the EH stars 
derived by the chromospheric, isochrone, Li and [Fe/H] abun- 
dances. The kinematic ages are not considered here as non in- 
dividual stellar ages can be obtained. 

Figure |5J upper panels, shows the histogram distributions 
for the ages derived using the chromospheric method apply- 
ing D93 and RPM98 calibrations, respectively. In this section 
we analyze chromospheric ages listed in Tables[5]and|4l i.e., in- 
cluding object s with ages ex ceeding th e 2 or 5.6 Gyr l imits sug- 
gested bv lPace & PasauinTI J2004) and I Wright I J2004|) . respec- 
tively (see section 3.). In the isochrone age distribution (lower 
panel), we include upper and lower limits with co ntinuous 
and d otted lines, respectively, as derived by iNordstrom et al. I 
(2004). Li and [Fe/H] ages are not included in the histograms of 
Figure[5] as the methods used (see sections 4.2 and 4.3) intro- 
duce bias toward younger and older ages, respectively. More- 
over the number of EH stars with Li age is relatively small (20 
objects). 

The ages distribution derived from the D93 calibration is 
broad. On the contrary, the chromospheric age histogram ob- 
tained applying the RPM98 calibration is quite narrow, with 
most of the objects having ages < 4 Gyr. The isochrone age dis- 
tribution is also quite broad with two maxima at 3 and 9 Gyr, 
respectively, probably showing the separa tion between F and 
G spectral types within the EH sample. Ikaratas etal. 1 d2005h 
also noted that their distribution of ages for the EH stars, de- 
rived using the isochrone technique, was flat or uniform (hav- 
ing roughly the same number of stars in each age bin) over 3 ^ 
age $ 13 Gyr. Table|S]lists the medians and the dispersions of 
the histograms in Figure|5] 
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Fig. 5. Upper panels: Chromospheric age distributions derived 
from the D93 and RPM98 calibrations. The lower panel cor- 
respond to the isochrone distribution. Vertical continuous lines 
show the medians of each histogram. In the isochrone age dis- 
tribution we superpose with continuous and dotted l ines u pper 
and lower limits estimations from Nor dstrom et al. I (|2004). 



The chromospheric age distributions resulting from the ap- 
plication of the D93 and the RPM98 calibrations are very dif- 
ferent, with significantly different medians (see Table [8). As 
mentioned before the RPM98 calibration includes a metallic- 
ity correction factor whereas the D93 relation is independent 
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13 





Isochr. 


Isochr. 


Isochr. 


Lithium 


[Fe/H] 




Age 


Min. Age 


Max. Age 


Age 


Max. Age 


Object 


[Gyr] 


[Gyr] 


[Gyr] 


[Gyr] 


[Gyr] 


16 Cyg B 


9.9 


5.6 


13.2 




4.2 


47Uma 


8.7 


5.3 


11.9 


2.0 


5.0 


51 Peg 


9.2 


4.8 


12.0 


3.5 




70 Vir 


7.4 


6.7 


7.9 


1.9 


8.7 


6 Eri 










10.4 


GJ 86 










12.5 


Hip 75458 










2.3 


pCrb 


12.1 


10.1 


13.9 


3.3 


11.9 


t Boo 


2.4 


1.3 


3.1 






v And 


3.3 


2.8 


5.0 




2.3 


HD 142 


3.6 


2.8 


4.3 




1.9 


HD 1237 




8.8 






2.7 


HD 2039 


1.8 




3.4 






HD3651 


17.0 


2.6 






2.7 


HD 4208 










12.4 


HD 6434 


13.3 


7.0 








HD 8574 


8.2 


5.7 


9.6 




5.0 


HD 8673 


2.8 


2.1 


3.3 




8.7 


HD 10647 


4.8 




7.0 




7.9 


HD 10697 


7.1 


6.4 


7.9 


1.5 


1.9 


HD 12661 








4.4 




HD 16141 


11.2 


9.7 


12.9 


4.0 




HD 17051 


3.6 


1.1 


6.7 






HD 19994 


4.7 


3.1 


5.2 


1.4 




HD 20367 


6.4 


3.6 


8.9 






HD 23079 


8.4 


5.3 


12.6 




10.0 


HD 23596 


5.4 


3.1 


6.7 






HD 28185 


12.2 


7.1 




2.8 




HD 33636 


8.1 


0.1 


13.4 




9.2 


HD 34445 


9.5 


8 


11.1 




7.3 


HD 39091 


6.0 


2.9 


9.0 




3.5 


HD 40979 


6.2 


3.8 


9.2 






HD 4 1004 A 










9.5 


HD 45350 


12.6 


10.4 


14.6 






HD 46375 


16.4 


7.7 








HD 50554 


7.0 


3.3 


9.9 




6.6 


HD 50499 


4.3 


2.8 


7.4 






HD 52265 


3.8 


1.6 


5.2 






HD 65216 










10.2 


HD 68988 


3.7 


1.5 


6.1 






HD 70642 


10.2 


4.2 


16.0 






HD 72659 


8.2 


6.5 


9.6 




6.0 


HD 73256 


15.9 


6.4 








HD 73526 


10.3 


8.3 


12.6 






HD 74156 


3.2 


2.7 


3.7 






HD 75289 


4.0 


2.2 


5.8 






HD 76700 


11.5 


10.0 


13.1 






HD 80606 






17.6 






HD 82943 


3.5 




7.2 







of the stellar metallicity effect. For instance, for a EH star with 
Fe/H] =0.16, corresp onding to the median of the EH sample 
Santos et al~1l2004bl) . the RPM98 calibration gives an age ~ 

3 Gyr lower (younger) than the D93 relation. However, from 



Figure[5]and Table[8]it is clear that, the age distribution derived 
using the D93 calibration agrees better with the isochrone ages 
than the distribution obtained from the RPM98 relation. 
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Table 7. Continued. 





Isochr. 


Isochr. 


Isochr. 


Lithium 


[Fe/H] 




Age 


Min. Age 


Max. Age 


Age 


Max. Age 


Object 


[Gyr] 


[Gyr] 


[Gyr] 


[Gyr] 


[Gyr] 


HD 89307 


8.8 


3.9 


13 




12.2 


HD 89744 


2.2 


2.0 


2.4 


1.2 




HD 92788 


9.6 


4.8 


14.3 


3.4 




HD 102117 


12.6 


10.9 


14.3 




3.9 


HD 104985 


3.1 


2.3 


3.6 






HD 106252 


9.2 


5.2 


13.5 


2.5 


7.3 


HD 108147 


4.4 


2.3 


6.6 






HD 108874 


14.1 


10.7 








HD 111232 




8.9 








HD 114386 










9.2 


HD 114729 


11.9 


10.4 


13.3 


1.6 


12.5 


HD 114762 


11.8 


7.9 


15.1 






HD 114783 










3.9 


HD 117207 


16.1 


11.1 






4.6 


HD 117618 


6.7 


3.6 


9.6 




7.6 


HD 121504 


7.1 


3.9 


10.2 






HD 128311 










6.0 


HD 130322 










6.0 


HD 134987 


11.1 


6.4 


12.6 






HD 136118 


4.8 


2.9 


5.5 




8.1 


HD 141937 


1.8 




7.5 




3.5 


HD 142022 


17.2 


9.4 








HD 142415 


2.4 




7.9 






HD 147513 


8.5 




14.5 


1.3 


5.0 


HD 150706 


8.0 




15.0 




7.3 


HD 154857 


3.5 


2.9 


4.4 




13.1 


HD 162020 










9.5 


HD 168443 


10.6 


9.5 


11.8 




5.0 


HD 168746 


16.0 


10.8 






9.2 


HD 169830 


2.3 


1.9 


2.7 


3.9 




HD 179949 


3.3 


0.4 


5.4 






HD 183263 


3.3 


1.1 


5.8 






HD 187123 


7.3 


3.8 


10.6 


3.8 


2.3 


HD 188015 


10.8 


6 








HD 190228 


5.1 


4.1 


6.6 


3.7 


12.5 


HD 192263 










7.6 


HD 195019 


10.6 


9.4 


11.8 


3.0 


3.9 


HD 196050 


3.5 


1.8 


5.3 






HD 196885 


8.4 


7.2 


9.7 






HD 202206 








4.2 




HD 208487 


6.6 


3.8 


9.3 




10.8 


HD 209458 


6.6 


3.5 


9.2 




6.3 


HD 213240 


3.6 


3.0 


4.2 






HD 216435 


5.4 


4.9 


6.0 






HD 216437 


8.7 


7.5 


9.7 


1.6 




HD 216770 


16.9 


7.4 








HD 217107 




6.5 








HD 222582 


11.1 


6.9 


15.3 




5.3 


HD 330075 










4.2 



Feltzin g et al. I J200ll) have suggested that the RPM98 
metallicity correction is not properly defined. The correction 
factor for older ages is larger than for younger ages, as is given 
in ALog age. We adopt the D93 calibration in spite of the rel- 



atively high metal abundance of EH stars, in view of the poor 
determination of this effect. 

In Figure[6]we plot the chromospheric ages vs the isochrone 
and lithium ages. In addition we show the chromospheric ages 
against the [Fe/H] upper limits. Chromospheric ages are sys- 
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tematically smaller than isochrone determinations and larger 
than lithium ages. However, the relatively younger lithium ages 
are probably only reflecting the bias introduced by the calibra- 
tion used as discussed in section 4.2. The metallicity derived 
ages are, on average, systematically older than the chromo- 
spheric determinations (see Figure |6j. As for the Li ages, this 
is probably due to a selection effect against metal-rich stars and 
thus younger objects, in this case introduced by the metallicity - 
age relation (see section 4.3.). We estimate a dispersion of 
about ~ 4 Gyr for the chromospheric, isochrone, metallicity 
(upper limit) ages. The lithium age distribution in Figure|6](up- 
per right panel) has the smallest dispersion (~ 2 Gyr), however 
again this is probably due to the fact that only the younger ages 
are taken in account. In conclusion, for the Li ages, neither the 
the age difference (with respect to the chromospheric ages) nor 
the relatively smaller dispersion are attributed to real features 
but rather to the lack of older stars with Li ages estimations. In 
the case of the [Fe/H] upper limits, the exclusion of younger 
objects restrain a comparison with the chromospheric ages. 

The chromospheric activity is a reliable age indicator for 
F and G dwarfs from young ages to about ~ 2.0 Gyr, adopt- 
ing the most conservative limit suggested b v IPa^g_^Pa^ gturri1 
(2004), or possibly up to 5.6 Gyr, according to Wright ( 2004)'s 
result. On the other hand, isochrone ages are more precise for 
stars that have evolved s ignificantly away from the ZAMS, up 
to 17 Gyr ("e.g. INordstrom etaL 2004).' In this manner chro- 



estimator methods (Gustafsson 


1999 


lLachaume etal.lll999t 


Feltzing et al. 2001 


Nordstrom et al. 


|2004|). 



The lithium method gives ages for only 20 of the EH 
stars, while the ages derived from the metallicity technique 
are upper limits. The currently available calibrations have 
bias against the older and younger stars, respectively. In this 
sense they might also be considered complementary. These two 
methods have greater uncertainti es than the chromospheric or 
isochrone methods ("e.g. [Gustafsson1ll999t lLachaume et al. I 
1 19991 INordstrom et al. 1120041) when applied to derive individ- 
ual stellar ages. Thus, the chromospheric and the isochrone 
techniques seem to be the most reliable age indicators. In the 
case of the chromospheric technique, the D93 calibration pro- 
duces, in general, results in better agreement with the isochrone 
technique than the RPM98 relation. 

4.6. Limitations of the different age estimators 

In this section we briefly comment on the applicability of the 
different age estimators employed to derive ages for the EH 
stars, and discuss systematic bias due to the use of these meth- 
ods. 

Chromospheric age determinations are based on the chro- 
mospheric activity of F, G and K stars. It is well established that 
the level emission decreases with time. However, at the present 
time is not clear u p to what age this indicator can provide reli- 
able stellar ages. Wright (2004) finds that t he activity-age re- 
lation breaks down for ages ^5.6 Gyr while IPace & Pasquinil 
(2004) determine an earlier limit, of ~ 2 Gyr. Nonetheless, 
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Fig. 6. Chromospheric ages against isochrone and lithium ages, 
and [Fe/H] upper limits, respectively. 



this relation has been used well beyond the 5.6 Gyr limit (see, 
for ex ample iHenrvet al. ll 19971 iDonahue lll995 IWright et al. I 
2004J). In any event, this method is more appropriate for the 
younger ages, when the level of stellar activity is sufficiently 
high. After this, the relation breaks down and enters into a 
plateau, offering little or no practical use as an age indicator. 
The uncertainty in the ages derived by this method depends 
on the temporal ba se line of observation of each individual star 
(see, for example. lHenrv et al. l2000al) . lGustafsson Idl999l> esti- 
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mated a general uncertainty of about 30% in the chromospheric 
age derivations. 

Isochrone ages strongly depend on the uncertainties of the 
observables (T e ff, My, and metallicity). In general the pre- 
cision of these ages strongly varies with th e position of the 
star o n the HR diagram (see, for example, Nords trom et al. I 
l2004h . For example, for low mass objects the isochrone traces 
tend to converge on this diagram JPont & Everl2004l) . In addi- 
tion, isochrone ages are less reliable for younger objects. On 
the other hand, this technique provides relatively more pre- 
cise ages for stars that have evolved away from the ZA MS 
jFeltzing et al. l200lllLachaume et al. ll999t|Nordstrom et al. I 
l2004 . Recently. IPont & Ever I ll2004 have extensively dis- 
cussed this issue and proposed a method to estimate more ac- 
curate ages based on the Bayesian probabilitv. lLachaume et al.1 
(1999) and lNordstrom et ahl d2004h have suggested typical un- 
certainties of about 50% in the ages derived by the isochrone 
technique. 

Error estimations for isochrone and chromospheric ages 
are, in general, relatively large, 30-50%. Figure |6] shows rela- 
tively large dispersions, particularly in the case of the isochrone 
and chromospheric ages. This plot is probably reflecting the 
uncertainties in both techniques and not a peculiarity of the EH 
sample (see also Figure[S}. 

The [Fe/Hl-a g e rel at ion has a large dispersion 
jEdvardsson etal.l Il993l ICarraro et all 1 1 99 A although 
IPont & Ever I ll2004 have significantly decreased this scatter- 
ing. In addition, currently available calibrations do not include 
metal-rich objects, introducing a strong selection effect against 
(the younger ) EH stars. The Li-age calibration is poorly 
constrained JSoderbloml 1 19831 IPasquini et al~l Il997l 1 1994 
lBoesgaardlll99ll) and biased toward younger objects. Conse- 
quently the ages derived by these methods suffer from large 
uncertainties. In spite of this, they are useful as independent 
age estimators. 

The kinematic technique can be applied to estimate the ages 
for groups o f stars and not to obtain individual stellar ages 
jReidl ]2002). In addition, as the EH sample lies to the right 
of Parenago's discontinuity in the velocity dispersion (B-V) 
diagram (see Figure 0}, where old as well as young stars can 
be found. In any event, the kinematic ages of the EH stars are 
convenient for comparison with other groups of objects. 



5. Comparison with the Solar Neighborhood stellar ages 

To compare the ages of the EH sample with those of stars in 
the Solar Neighborhood with similar phy sical proper ti es we 
select ed three groups of nearby objects. ISantos et al. I J200ll 
120051) provided a group of 94 F-G-K stars with no exoplan- 
ets detected by the Doppler techniqu e; 31 of these stars have 
isochrone ages derived by Nordstrom et al. 1 il2004 . Sample A 
is composed of these 31 stars. Sample B contains 8684 F- 
G objects with distance s between 3 and 238 pc taken from 
INordstrom et al. I J2004 . Sample C has 1003 F-G single stars 
within the same range of distances as sample B, and snap shot 
(or instantaneous) values of Log R'hk derived bv lHenrv et al. I 
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Fig. 8. Chromospheric ages vs isochrone ages for F and G-type 
solar neighborhood stars. Filled and empty circles correspond 
to F a nd G spectral types, respe ctively. Isochrone ages are taken 
from Nordstrom et al. (2004) and chromospheric determina- 



tions from He 



( 1996) and Strassmeier et al. 



(2000). 



\ 19961) and lStrassmeier et al~l J2000I) Isochrone ages for sam - 
ples A and B were obtained from INordstrom et al. 1 (12004 
Chrom osp heric ages for samp l e C we re derived bv lHenrv et al. I 
( 1996) and Strassmeier et al. (2000) applying the D93 calibra- 
tion. We include only chromospheric and isochrone ages in our 
comparison as these are the most reliable estimators (see Sec- 
tion 4.5). In addition, we apply both methods for all stars inde- 
pendently of the ranges more appropriate for each of them, as 
also mentioned in Section 4.5., to avoid systemati c effe cts. 

In particular the 2 Gyr limit of IPace & Pasquiriil {2004) 
for the applicability of the chromospheric activity-age relation 
would introduce a strong bias toward younger ages, similar to 
the Li technique, with only ~ 15% of the EH sample within 
this limit. In this case the only meaningful comparison with the 
solar neighborhood would be of isochrone ages. 

Figure^shows the isochrone age distributions for samples 
A and B and the chromospheric age distribution for sample C. 
In the cases of samples B and C the dashed and empty his- 
tograms correspond to G and F spectral types, respectively. 
We have cross-correlated samples B and C and plotted the re- 
sult in Figure A systematic effect is apparent in this figure. 
Isochrone ages are, on average, larger (older) than chromo- 
spheric ages for the Solar Neighborhood. This trend has al- 
ready been seen in Figure |6] for the EH sample. We note that 
this systematic offset between isochrone and chromospheric 
ages would also persist for the 2 Gyr limit o fP ace & Pasquini 
d2004 . 

In Figure[9]isochrone and chromospheric age distributions 
for the EH group are shown by separating the sample in G 
and F stars. Table [5] gives the medians and the standard de- 
viations of samples A, B, and C as well as the EH group. The 
isochrone technique gives different median ages for objects of 
spectral types F and G for the nearby and the EH groups. On 
the other hand, the chromospheric method does not discrimi- 
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Fig. 7. Isochrone an d chromo spheric age distributions for the Solar Neighborhood st ars. Isochrone age s for samples A and B wer e 
taken from lNordstrom et al. I (12004). Chromospheric ages for sample C from lHenrv et al. I i 19961) andfstrassmei er et al. I fcoOO). 
Spectral types G and F in samples B and C are indicated by dashed and empty histograms, respectively. The vertical continuous 
lines show the median positions of each histogram. The thicker lines correspond to the F type and the lighter to the G type. 



nate by spectral type. The median isochrone age for the (G and 
F) EH stars are ~ 1-2 Gyr larger (older) than for G and F stars 
in the solar neighborhood group. However the dispersions are 
large, ~ 2-4 Gyr. 

The median age of G-type stars in sample A, 10.8 Gyr (25 
objects, a = 3.4 Gyr), and the median age of the same spectral 
type stars in the EH group, 8.2 Gyr (isochrone ages), are larger 
(older) than the median isochrone age for G-type stars in sam- 
ple B, 7.2 Gyr (see Tabled This is probably reflecting the fact 
that stars with high precision radial velocity measurements are 
selected among the less chromospherically active and thus, on 
average, are relatively older objects whereas sample B includes 
both active and inactive stars. We note, however, that the age 
dispersions for the three groups are large, including young and 
old objects in all cases. 

Beichma n et al. 1^200 5) searched for infrared excesses in 26 
FGK EH stars. These excess emissions are usually attributed 
to the presence of a debris disk surrounding the central star. 
Whereas none of the objects show excess at 24 //m, 6 of them 
do have excess at 70 fim. These authors, among othe r analysis, 
compared the chromspheric ages (obtained from lWright et al.l 



2004) for the stars with planets with those of nearby stars not 
associated with radial velocity detected planetary companions. 
They derived median ages of 6 and 4 Gyr for the samples of 
stars with and without exoplanets, although they considered 
this difference not statistically significant. It is interesting to 
note that we find a similar trend, with the EH stars being 1-2 
Gyr older than the nearby stars. This result is based, however, 
on the isochrone ages. 

We applied the KS to compare the distributions in Figure[7] 
with the EH histogram in Figure[9] TablellOlshows the results. 
The isochorone age distributions for F type stars in sample B 
and in the EH group are different, whereas for G type stars 
the distributions are more similar. With respect to the chromo- 
spheric ages, stars of F and G types in sample C and in the EH 
group show quite similar distributions. 

Figure ^3 shows the EH group and sample B indicating 
stars of spectral types G and F in the left and right panels, re- 
spectively. The dashed histogram corresponds to the EH dis- 
tribution and the empty histogram to sample B. In this figure, 
the apparent age difference between EH stars and sample B 
stars, is more evident for F spectral types. This is also sup- 
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Table 9. Median ages for the EH and Solar Neighborhood stars 



Sample 


Isochrone 


Isochrone 


Isochrone 


Chromospheric 


Chromospheric 


Chromospheric 




Median 


<r 


N 


Median 




N 




[Gyr] 


[Gyr] 




[Gyr] 


[Gyr] 




Sample A 


9.8 


3.6 


31 








Sample B 


2.8 


3.7 


8684 








F-type in Sample B 


2.2 


2.0 


5357 








G-type in Sample B 


7.2 


4.1 


2450 








Sample C 








4.9 


2.7 


609 


F-type in Sample C 








4.7 


2.1 


159 


G-type in Sample C 








5.1 


2.8 


450 


EH sample 


7.4 


4.2 


79 


5.2 


4.2 


112 


F-type in EH sample 


4.8 


2.6 


18 


4.7 


2.4 


15 


G-type in EH sample 


8.2 


3.8 


57 


5.4 


3.5 


69 



Table 10. KS statistical test results for the EH and the Solar Neighborhood stars 





Isochrones ages 


Chromospheric ages 




KS test [%] 


KS test [%] 


EHs vs Sample A 


0.92 




EHs vs Sample B - F type only 


5.3 x 10- 3 




EHs vs Sample B - G type only 


50.4 




EHs vs Sample C - F type only 




13.0 


EHs vs Sample C - G type only 
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Fig. 9. Chromospheric and isochrone age distributions of EH stars. Spectral types G and F are indicated by dashed and empty 
histograms, respectively. The vertical continuous lines show the median positions of each histogram. The thicker lines correspond 
to the F type and the lighter to the G type. 



ported by the KS test result in Table 1 101 A similar comparison 
for the chromospheric ages is meaningless as this method does 
not discriminate by spectral types. 

6. Correlations of the stellar properties with age 

We searched for correlations between the EH stellar proper- 
ties and age. In Figure ITU upper panels, we plotted Lir/L», 
the excess over the stellar luminosity, vs chromospheric and 
isochrone ages. The l uminosity ratios were obtained from 
Saffe & Gomez (2004). In the lower panels of the same fig- 
ure we show [Fe/H] vs age. Whereas no correlation is apparent 



with the excess over the stellar luminosity, a weak correlation 
shows up with the [Fe/H]. In other words, the metallicity dis- 
persion seems to increase with age. 

To verify whether this is a real tendency, we divided the EH 
sample in two bins, adopting Log Age = 0.5 as the cut point for 
the Call ages and Log Age = 0.75 for the isochrone ages, to 
have more even sub-samples in both cases. We then calculated 
the rms corresponding to the average age in each bin. For the 
Call ages (lower left panel in Figure ITT1. we obtained for Log 
Age greater and less than 0.5, an rms of 0.16 and 0.21 dex, 
respectively. In the case of the isochrone ages (lower right panel 
in Figure fTTl . we derived the same rms for stars with Log Age 
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Fig. 10. Isochrone age distributions for EH stars (shade histograms) and sample B (empty histograms). The right panel corre- 
sponds to stars of spectral type F in both samples and the left panel to G-type objects. The vertical continuous lines show the 
median positions of each histogram. The thicker lines correspond to the F type and the lighter to the G type. 



in the first and second bin. We repeated this analysis adopting 
chromospheric ages for the EH stars with Log R'hk < -5. 1 and 
isochrone ages for the rest of the objects. No substantial change 
is observed in Figurel 111 

iBeichman et al. 1 (12005) found little or no correlation of the 
70 /im excess with the (chromospheric) age, metallicity and 
spectral type of 6 EH stars. Nevertheless their analysis suggests 
that the frequency of excess at 70 pm in stars with planets is at 
least as la rge as for typical Vega-li ke candidate objects selected 
by IRAS JPlets & Vvnckierll999l). This resu lt is somehow dif- 
ferent to the finding of Greaves et al. ( 2004) based on sub-mm 
observations of 8 EH stars dBeichman et al. I2005T) . 

7. Summary 

We measured the chromospheric activity in a sample of 49 
EH stars, observable from the southern hemisphere. Combining 
our data with those from the literature we derived the chromo- 
spheric activity index, R'hk, and estimated ages for the com- 
plete EH stars sample with chromospheric data 112 objects), 
adopting the D93 calibration. We applied other methods to es- 
timate ages, such as: Isochrone, lithium and metallicity abun- 
dances and space velocity dispersions, to compare with the 
chromospheric results. 

The derived median ages for the EH group are 5.2 and 7.4 
Gyr, using chromospheric and isochrone methods, respectively, 
However, the dispersions in both cases are rather large, about 
~ 4 Gyr. In the derivation of the median chromospheric age we 
have applied the chromospheric activity-age relat i on be yond 
the 2 and 5.6 Gyr suggested by Pace & Pasquini (2004) and 
Wright (2004), respectively. In particular the first limit would 
indicate that the isochrone technique is, in practice, the only 
tool currently available to derive ages for the complete sample 
of the EH stars. 

Lithium ages and metallicity upper limits are only available 
for a subset of the EH stars, as the corresponding calibrations 
do not cover the complete range of Li and [Fe/H] abundances 



of this type of objects. This fact precludes any statistical appli- 
cation of these ages for the EH stars. The kinematic technique 
does not provide individual stellar ages. In addition, kinematic 
ages are less reliable because most EH stars lie to the right of 
Parenago's discontinuity. 

The median ages for the G and F EH stars derived from the 
isochrone method are ~ 1-2 Gyr larger (older) than the me- 
dian ages for G and F solar neighborhood stars. We caution, 
however, that the dispersions in both distributions are large, ~ 
2-4 Gyr. The EH stars, analyzed here, have been selected by 
means of the Doppler technique that favors the detection of 
planetary-mass companions around the less chromospherically 
active and slower rotator stars, where radial velocity measure- 
men ts can reach high precisions of £ few m/s (see, for ex am- 
ple. lHenrv et al. ll997llVo"gt et al. l2000HPepe et al. l2002l) . As 
the chromospheric activity and the rotation decrease with age, 
on average, we may expect the EH stars be older than stars 
with similar physical properties not known to be associated 
with planets. The later group of objects is likely to include a 
significant fraction of the more chromospherically active and 
thus younger stars for which high precision in radial velocity 
measurements are difficult to achieve. 

With regard to the F EH stars, our result may suggest that 
these objects are older than F nearby st ars not known to be 
associ ated with planets in opposition to Such kov & Schultzl 
(kOOlh 's result. However, the relatively large dispersion in 
our ages and the rather p oor number of stars analyzed by 
ISuchkov & Schultzl J200ll) render this apparent discrepancy 
meaningless. We searched for correlations between the age, the 
Lir/L, and the metallicity. No clear tendency is found in the 
first case, whereas the metallicity dispersion seems to slightly 
increase with age. 
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